Introduction
At the stage of the de sign of smoke and heat evac u a tion sys tems (SHEVS), it is nec es sary to rely on a cal cu la tion pro ce dure for a fire-safe so lu tion. For sin gle storey build ings, the cal cu la tion pro ce dure NBN S21-208-1 is claimed to be valid. Some as pects are dis cussed be low. There is also a Eu ro pean method CR12101-5. Again, some as pects are dis cussed be low. For com par i son rea sons, we also con sider some for mu lae re ported in [1] .
Us ing com puter re sources, it is pos si ble to ap ply zone mod els, re ly ing on the exis tence of a hot up per layer and a cold bot tom layer. One of the ba sic as sump tions in zone mod el ing is that there are no strong vari a tions in e. g. tem per a ture in hor i zon tal di rections. In this pa per we will il lus trate that this is not guar an teed for large com part ments. We con sider two zone model pack ages: OZONE [2] and CFAST [3] .
The most de tailed cal cu la tions are com pu ta tional fluid dy nam ics (CFD) sim u lations, also known as "field mod els". In this method, the com part ment is sub-di vided into many cells, con sti tut ing the com pu ta tional "mesh".
We ap ply all meth ods to two ge neric test cases. We do not con sider the pos si bility of sprin klers, nor pos si ble ex ter nal in flu ence fac tors (such as wind or snow).
Features of the calculation methods

Manual methods
A pri mary ob ser va tion for the "man ual" cal cu la tion meth ods con sid ered here (NBN S21-208-1, CR 12101-5, and [1] ) is that the pro ce dure re lies on "steady-state" assump tions. In par tic u lar, a "suit able" steady-state de sign fire source must be de fined. This de sign fire is cru cial for the en tire out come. The de sign fire is a fire for which the SHEVS must still op er ate ap pro pri ately. Im plic itly it is as sumed that smaller fires (in terms of area and/or heat re lease rate) will be dealt with ap pro pri ately by the SHEVS, too. (e. g. for the smoke ris ing in a high atrium, equipped for nat u ral ven ti la tion, it is not always guar an teed that the larg est fire source is in deed the worst pos si ble case), but this is be yond the scope of the pres ent pa per.
The re quired in put data for the man ual meth ods are: -the design fire source, in terms of both heat release rate and dimensions (area and perimeter); this depends on the type of building, -the smoke layer depth: the acceptable thickness of the hot upper smoke layer must be specified, and -the compartment geometry: depending on the compartment dimensions and the configuration (e. g. ventilation from only one side), some model constants can be given a different value. Given these in put data, em pir i cal for mu lae al low for the de sign of the SHEVS. It is im por tant to note that, due to the em pir i cism, the man ual meth ods are in prin ci ple only valid for the ex per i men tal con fig u ra tions from which the em pir i cal for mu lae have been con sti tuted. In par tic u lar, it can not be ex pected that the man ual meth ods are suit able for com plex ge om e tries, but this is not the sub ject of the pres ent pa per.
Be fore go ing into more de tail for the dif fer ent meth ods, we also note that a general short com ing of man ual cal cu la tion meth ods is the ne glect of heat trans fer, both convec tive and ra di a tive, from the hot smoke layer to the struc ture. In par tic u lar for large com part ments, this may not be neg li gi ble. In zone mod els and CFD sim u la tions, heat trans fer nor mally is ac counted for.
We now dis cuss the cal cu la tion pro ce dure in some de tail. We start with CR 12101-5. First the de sign fire is de fined, in terms of area, per im e ter, and heat re lease rate. The con vec tive heat flux is then de ter mined as:
implying that 20% of the fire heat release rate is directly lost by radiation, i. e. is not transferred towards the hot smoke layer. Next, the smoke-free height Y is defined. If , the following empirical formula is applied for the mass flow rate at height Y in the smoke plume above the fire source:
For large com part ments, such as con sid ered here, C e is as signed the em pir i cal value 0.19. From expressions (1) and (2), the av er age hot smoke layer tem per a ture rise, with re spect to am bi ent tem per a ture, due to the fire heat source, can be com puted:
where c = 1 kJ/kgK, the value for air. If this temperature is acceptable, the volume flow rate, to be removed from the compartment, is computed as:
with T l the absolute hot smoke layer temperature (in K):
In case of nat u ral ven ti la tion, the to tal re quired free aero dy namic ven ti la tion area is:
The loss coefficients are usually assigned the value 0.6. If A i C i is large compared to each ventilation area A vn , the following relation is valid for the mass flow rate through ventilator n:
The design must be such that M M n n f = å In case of me chan i cal ven ti la tion, the num ber of ex trac tion points be comes impor tant in or der to avoid "plug-hol ing". This is the phe nom e non that the smoke layer under a ven ti la tor is not suf fi ciently thick, so that air is re moved through the ven ti la tor, rather than pure smoke. The re quired num ber of ex trac tion points is de ter mined from the crit i cal ex trac tion rate. For a ven ti la tor close to the wall, this is:
For a ven ti la tor that is fur ther away from the wall than its own char ac ter is tic width D v , the ex pres sion be comes:
The required number of extraction points is N ³ M f /M crit .
In NBN S21-208-1, the phi los o phy is very sim i lar to CR12101-5, but there are some dif fer ences in im ple men ta tion. First of all, the de sign fire is pri mar ily de ter mined by its di men sion. Ac cord ing to the ap pli ca tion cat e gory, the fire source can very from 3 ´ 3 m (cat e gory 1) to 9 ´ 9 m (cat e gory 4). The fire heat re lease rate per unit area is then spec i fied as:
-for natural ventilation: q f = 250 kW/m 2 , and
-for mechanical ventilation: q f = 500 kW/m 2 .
In fact, there is no strong sci en tific sup port for these val ues. But, in con trast to CR12101-5, where quite some free dom is al lowed in the de sign fire spec i fi ca tion, expres sions (10) and (11) have the ad van tage of sim plic ity: once the di men sions of the fire source have been spec i fied, the fire source is com pletely de fined. In NBN S21-208-1, the fol low ing ex pres sion is ap plied for the mass flow rate:
This is the same as ex pres sion (2) . Ex pres sion (1) is again used for the con vective heat re lease rate, in the ab sence of sprin klers. If there are sprin klers, the fac tor 0.8 is re duced to 0.5. Ex pres sions (3) and (4) are also used in NBN S21-208-1. In the case of nat u ral ven ti la tion, a slightly dif fer ent for mula than (6) is used: 
When A i C i is much larger than A v C v , ex pres sion (7) is re cov ered. A crit i cal area value is spec i fied for nat u ral ven ti la tion in NBN S21-208-1, in or der to avoid plug-holing:
There must also be at least one ex trac tion point per 400 m 2 . In the case of mechan i cal ven ti la tion, the ex pres sion for the crit i cal flow rate in NBN S21-208-1 is:
Note that a critical volume flow rate is specified, rather than a mass flow rate (8).
In [1] , the for mula for the mass flow rate is dif fer ent:
where Z is the height above the fire source and z o is the fire source virtual origin height:
.
. (17) with D the fire source (hydraulic) diameter. Note that in formula (16) both the geometry and the heat release rate of the fire determine the mass flow rate. Expressions (3) and (4) are again applied. In case of natural ventilation, the extraction area is determined as:
which is, under the assumption that C i = C v , identical to expression (13). In case of mechanical ventilation, the expression for the critical volume flow rate in [1] is:
to be compared to expressions (9) and (15). Beta is equal to 2 (close to walls) or 2.8 (away from walls). It is in ter est ing to dis cuss the dif fer ences be tween ex pres sion (9), (15) and (19). Since, in a first ap prox i ma tion, a ven ti la tor has a con stant vol ume flow rate, rather than a con stant mass flow rate, it seems more nat u ral to con sider a crit i cal vol ume flow rate, rather than a crit i cal mass flow rate. In this sense, ex pres sions (15) and (20) are the most log i cal. But, in ex pres sion (9), the smoke den sity in the ven ti la tor is ac counted for through the ap pear ance of T l in the de nom i na tor of the right hand side, so that (9) ac tu ally de fines a crit i cal vol ume flow rate. In (15) the T l is still pres ent in the de nom i na tor, but its or i gin is not clear, since there is a vol ume flow rate at the left hand side. Con se quently, the num ber of ex trac tion points, com puted from (15) (and thus in NBN S21-208-1), will al ways be higher than what is com puted from (9) (CR12101-5), since the tem per a ture of the smoke layer is higher than am bi ent tem per a ture.
Zone modeling
In zone mod el ing, a ba sic as sump tion is the ex is tence of two sep a rated "lay ers": a hot up per layer and a cold bot tom layer. The in ter face be tween these two lay ers is hor izon tal and in each of the two zones, spa tial uni for mity is as sumed for all prop er ties at every time in stant. This is of ten a very strin gent as sump tion, lim it ing the range of ap pli cabil ity of zone mod els con sid er ably. In par tic u lar, zone mod els have not been de vel oped for the con di tions in the ex am ples of the pres ent pa per: in large com part ments, there are vari a tions in hor i zon tal planes. More over, dur ing the early stages, a very thin up per layer is as sumed un der the en tire ceil ing in zone mod els, which is not in line with re al ity. One of the pur poses of the pres ent pa per is to ex am ine to what ex tent the zone model ap proach re mains valid un der rather ex treme cir cum stances.
The vol ume of the plume is typ i cally small, com pared to the smoke layer, and is thus typ i cally ne glected. Fur ther, it is as sumed that pos si ble mix ing through the in ter face can be ne glected, com pared to en train ment of gases into the plume. The fire source is seen as an enthalpy source. The plume is a kind of "pump" for mass and enthalpy from the cold bot tom layer to wards the hot up per layer.
A large dif fer ence com pared to CFD is that the con ser va tion of to tal mo men tum is not ex plic itly im posed. Con se quently, it be comes im pos si ble to ac cu rately pre dict trans port times over large dis tances (e. g. smoke rise in an atrium).
Heat trans fer to wards the struc ture is typ i cally ac counted for. It is im por tant to ap pre ci ate that, in zone model sim u la tions, there are sub-models for: -fire source heat release rate (which is normally specified), -entrainment of air into the plume, -heat transfer (conduction, convection and radiation), and -possibly combustion (incomplete combustion).
We con sider two zone model pack ages: OZONE and CFAST. De tails of these pack ages are found in their man u als. Im por tant to re mark is that CFAST con tains McCaffrey's en train ment model [4] , which ac counts for dif fer ences in en train ment behav ior in the flame re gion, the plume zone and the in ter mit tent re gion in be tween. This en train ment model is ap pli ca ble for a wide range of fire sources and ceil ing heights. In OZONE the choice can be made be tween 4 en train ment mod els (among which McCaffrey's model), but care must be taken that an ap pro pri ate choice is made, valid for the test case un der study.
CFD simulations
As al ready men tioned, in CFD sim u la tions the com part ment is sub-di vided into many com pu ta tional cells (the "mesh"). For each in di vid ual cell, the ba sic phys i cal conser va tion laws are ex pressed: con ser va tion of mass, to tal mo men tum, and en ergy. Further more, com bus tion is to be ac counted for in the case of fire, so that ad di tional trans port equa tions must be solved.
With out go ing into de tail, it is im por tant to ap pre ci ate that CFD sim u la tions still con tain many sub-mod els: -turbulence: with present available computer resources, it is impossible to make direct numerical simulations of turbulent flows of practical interest (i. e. with high Reynolds numbers and/or in complex geometries), because of the large range of time and length scales in the turbulent eddies,
-chemistry: similarly it is impossible to account for detailed reaction mechanisms with finite rate kinetics, because then the turbulent reacting flow simulations become computationally intractable, -heat transfer: models are applied for both convective and radiative heat transfer, and -interactions: there is interaction between the different phenomena, which must also be accounted for and must be modeled. In prin ci ple, flame spread can be sim u lated and cou pled to CFD for the surround ing re act ing flow field. In prac tice, this is again computationally ex pen sive and scien tif i cally in the de vel op ment phase. So it is com mon prac tice to pre scribe the fire source in CFD sim u la tions of fire.
In the pres ent pa per, we use the pack age Fire Dy nam ics Sim u la tor (FDS), de veloped at NIST [5]. This should not cre ate the im pres sion that we be lieve that this pack age would be su pe rior, com pared to other ex ist ing CFD sim u la tion pack ages for fire. Nei ther do we claim the op po site. Rather, the ap pli ca tions in this pa per must be seen as il lus trations of the pos si bil i ties of the three ma jor classes of cal cu la tion meth ods, as de scribed above.
To con clude this sec tion, we re mark that it is im por tant to per form a grid sen sitiv ity study when CFD sim u la tion re sults are used for the de sign of SHEVS. The coarseness of the mesh is usu ally de ter mined by the com puter power at hand, so that it may be tempt ing to pres ent the ob tained re sults as "re li able". Only a grid sen si tiv ity study can yield an in di ca tion as to what ex tent this is the case.
Test cases
Supermarket
The first ex am ple is a sim pli fied su per mar ket of width 35 m, length 70 m, and height 4 m. There are 6 doors of 7 m wide and 2 m high. This ge om e try, in clud ing 8 extrac tion points, is shown in fig. 1 . We con sider me chan i cal ven ti la tion. The de sign fire is de fined as a square of 3 ´3 m with to tal heat re lease rate Q f = = 4500 kW. This is pos si ble for both CR12101-5 and NBN S21-208-1 (cat e gory 1). The smoke-free height for the man ual cal cu la tion meth ods is de fined as Y = 3 m. We now first use the man ual meth ods to de sign the SHEVS and then ap ply the other meth ods to make some a pos te ri ori ob ser va tions.
Cal cu la tion method CR12101-5 yields M f = 11.8 kg/s from ex pres sion (2) and q l = 304 °C from ex pres sion (3). This value is too high (e. g. [1, 6, 7] ). Choos ing e. g. q l = 150 °C as a rea son able value -note that this is a per sonal choice -ex pres sion (3) yields M f = 24 kg/s. Note that, from ex pres sion (2), one can com pute that this corre sponds to Y = 4.8 m, which is im pos si ble since the ceil ing height is only 4 m. This in di cates that a sta ble steady sit u a tion is un likely. Ex pres sion (4) then gives the volume flow rate: V = 30.2 m 3 /s, with p amb = 101300 Pa and T amb = 293 K. Un der the assump tion that a typ i cal ven ti la tor di men sion is D v = 1 m and that the ven ti la tors are suf fi ciently far from the walls (see fig. 1 ), ex pres sion (9) gives the crit i cal mass flow rate: M crit = 3.65 kg/s. This shows that, ac cord ing to CR12101-5, 7 ven ti la tors are required.
The same cal cu la tions can be done for NBN S21-208-1. The only dif fer ence is ex pres sion (15) for the crit i cal flow rate: V crit = 3.0 m 3 /s. This shows that, ac cord ing to NBN S21-208-1, 10 ven ti la tors are re quired. As al ready men tioned, this is a higher value than ob tained with CR12101-5.
Still im pos ing the hot layer tem per a ture rise q l = 150 °C, the for mu lae of [1] yield the same re sults. The crit i cal vol ume rate now be comes V crit = 5.2 m 3 /s, so that 6 ven ti la tors are re quired.
We now dis cuss zone model re sults. We de fine open ings in the ceil ing so that the mass flow rate M f = 24 kg/s is ex tracted. Since it is not fea si ble to de fine me chan i cal ex trac tion, we de fine open ings in the ceil ing with to tal area de ter mined from ex pres sion (6), with d l = 1 m and C v = 0.4 (which is the value used in OZONE), yield ing A v = 27 m 2 . Us ing McCaffrey's en train ment model [1] , fig. 2 shows the evo lu tion of the up per layer tem per a ture and the in ter face height be tween the hot up per layer and the cold bot tom layer. The up per two fig ures show re sults ob tained with OZONE, the bot tom two fig ures are CFAST re sults. We see large dif fer ences be tween the re sults. We note that, with respect to tem per a ture, the steady-state value is not yet reached with OZONE af ter 20 minutes, while the end tem per a ture is prac ti cally reached af ter about 10 min utes with CFAST. We also no tice that the tem per a tures are higher with CFAST than with OZONE. This is due to the high con vec tion co ef fi cient in OZONE (25 W/m 2 K), so that much heat is trans ferred from the hot smoke layer to wards the struc ture. With re spect to the in ter face height, the sit u a tion be comes steady af ter 10 min utes. Note that the smoke-free height is about 1.8 m with OZONE, which is sub stan tially less high than the start ing point in the man ual cal cu la tions (Y = 3m), while it is about 3.4 m with CFAST. This is due to the lower loss co ef fi cient value in OZONE (C v = 0.4) than in CFAST (C v = 0.6), so that smoke emerges from the com part ment more eas ily in CFAST. We re call once again that the me chan i cal ex trac tion has been re placed by ceil ing open ings in the zone model cal cula tions, as de scribed above. The ma jor con clu sion to be drawn from the com par i son of the zone model re sults is that, de pend ent on the sub-model choices and model pa ram e ter values, strongly dif fer ent re sults can be ob tained for one and the same con fig u ra tion.
To con clude the first ex am ple, we now dis cuss CFD sim u la tion re sults. There are 8 ex trac tion points (me chan i cal ven ti la tion again) and the ex trac tion flow rate is fixed at 30 m 3 /s. The ba sic com pu ta tional mesh con sists of 140 ´ 70 ´ 8 = 78400 cu bic cells (so that each cell di men sion is 0.5 m). A mesh re fine ment study has been per formed by compar i son to re sults on a mesh of 280 ´ 140 ´ 16 = 627200 cells (with di men sion 0.25 m per cell) .  Fig ure 3 shows tem per a ture con tours af ter 20 min utes in ver ti cal planes. Note that there are vari a tions of tem per a ture in hor i zon tal planes, in par tic u lar close to the ceiling. This means that one of the ba sic as sump tions for zone mod el ing to be valid, is not ful filled. Note also that the same as sump tion is im plic itly pres ent in the man ual cal cu lation meth ods, since the en tire smoke layer is as sumed to be at uni form tem per a ture.
We re mark that it is not re ally pos si ble top de fine a smoke-free height in the CFD sim u la tions, be cause there are places where the smoke al most reaches the floor (not shown). In man ual cal cu la tions or zone model re sults, this can not be seen be cause only mean val ues are avail able. We also re mark the rel a tively low tem per a tures, in par tic u lar above the fire source. This is due to the rel a tive coarse ness of the compu ta tional mesh. The max i mum tem per a tures in crease as the mesh is re fined.
Fi nally, fig. 4 shows the evo lu tion in time of the tem per a ture at po si tion x = 27 m, y = 15 m, and z = 3.5 m (which is 0.5 m be neath the ceil ing), with the ba sic com pu ta tional mesh (left) and the re fined mesh (right). As al ready men tioned, un steadi ness is ob served in the re sults. Whereas the in stan ta neous tem per a ture val ues obtained on the ba sic grid and the refined grid dif fer, the mean value (around 90 °C) is the same. This in dicates that the global re sults are rel atively in de pend ent of the com pu tational grid (al though a more in-depth study should still con firm this). Note that the fre quency of un steadi ness is dif fer ent on both meshes, but since the mean val ues are typ i cally much more im por tant, this is not dis cussed any fur ther here.
Polyvalent hall
The sec ond ex am ple con cerns a polyvalent hall for e. g. sports man ifes ta tions, mass events, ex hi bi tions. The ge om e try is de picted in fig. 5 . The width is 66 m, the length is 95 m, and the height is 11 m. There are 10 gates of 5.2 m wide and 2.1 m high. These are po si tioned as fol lows: two times 4 gates along the long sides of the build ing and two gates at one of the short ends.
We con sider nat u ral ven ti la tion. The fire source is taken as 9 ´ 9 m with to tal heat re lease rate equal to Q f = 20250 kW. As in the pre vi ous ex am ple we use the man ual meth ods to de sign the SHEVS and then ap ply the other meth ods a pos te ri ori.
Method CR12101-5 yields M f = 35.5 kg/s and q l = 456 °C. This value is again too high and we choose q l = 150 °C, lead ing to M f = 108 kg/s. This cor re sponds to Y = 6.3 m, accord ing to ex pres sion (2), which is plau si ble, since the smoke layer thick ness is then 4.7 m. With OZONE we observe that the in ter face height cor re sponds quite well with the value ob tained from the expres sions of [1] , al though we re call that there is no di rect cor re spon dence be tween the inter face height in the zone mod els and the bot tom of the hot up per layer. As in fig. 2 , we see that the steady-state tem per a ture has not been reached yet with OZONE af ter 20 minutes. All other ob ser va tions are in line with the pre vi ous ex am ple ( fig. 2) , too: CFAST reaches steady-state much ear lier; tem per a tures in CFAST are higher than in OZONE (due to dif fer ences in con vec tion co ef fi cient); the in ter face height is higher in CFAST than in OZONE (C v = 0.6 vs. C v = 0.4).
We now ex am ine CFD sim u la tion re sults. We use cu bic cells with di men sion 1 m. This im plies 66 ´ 95 ´ 11 = 68970 cells. It is not 100% guar an teed that this is suf fi ciently fine to cap ture all phe nom ena, but for the pur pose of the pres ent pa per, we did not per form a grid re fine ment and rely on the CFD re sults with re spect to the global ob ser va tions.
Fig ure 7 shows the vis i bil ity in ver ti cal planes af ter 20 min utes. The ef fect of asym me try (re call that there are two gates at only one of the short ends) is small. We ob - serve that the smoke layer thick ness is the larg est in the neigh bor hood of the fire source. The av er age smoke layer thick ness is about d l = = 7.9 m. Clearly there is vari a tion of the smoke layer thick ness in space (which can not be seen in man ual meth ods and zone mod els), so that at the worst po sitions, e. g. in the cor ners, the smoke layer is clearly thicker.
In or der to il lus trate the pos si bil i ties of CFD in SHEVS de sign, we now ex - We con clude the dis cussion of this ex am ple by com par ing the dif fer ent calcu la tion meth ods. The results are sum ma rized in tab. 1. For the CFD sim u la tions, the smoke-free height has been de ter mined as an av erage value. For the zone mod els, the in ter face height is used to de ter mine the smoke-free height. We see that the CFD re sults are the most pes si mis tic and thus, from a safety point of view, the most con ser va tive. We also see that the for mu lae from [1] are clos est to the CFD re sults. The smoke-free height de ter mined with CR12101-5 and NBN S21-208-1 is iden ti cal. With OZONE, a smoke-free height is ob tained that is in line with the CFD re sults for 28 open ings. Re call that McCaffrey's en train ment model was used. The zone model CFAST clearly pre dicts by far the larg est smoke-free height, so that this model can not be judged as con ser va tive for the test cases ex am ined. Re call that the zone mod els are ap plied here in con di tions for which they were not de vel oped, since the ba sic as sump tion of uni formity in hor i zon tal planes is not ful filled. In the large com part ment, a very thin up per layer is pre sumed un der the en tire ceil ing dur ing the early stages, which does not cor re spond to the phys i cal sit u a tion. 
Conclusions
Dif fer ent classes of cal cu la tion meth ods have been ap plied to two ex am ple test cases of large sin gle storey com part ments.
The man ual meth ods CR12101-5 and NBN S21-208-1 are very sim i lar in philos o phy and con tain al most iden ti cal for mu lae. It was pointed out that NBN S21-208-1 is more con ser va tive with re spect to the crit i cal vol ume flow rate through ven ti la tors, although it is not cer tain that the more con ser va tive for mula is based on sci en tific ar guments. The for mu lae of [1] are some what dif fer ent. In par tic u lar, both the ge om e try and the heat re lease rate of the de sign fire are ac counted for in the de ter mi na tion of the smoke mass flow rate at a cer tain height. A com mon draw-back of the man ual meth ods is the fact that they are steady, while dur ing the early stages of a fire, when peo ple must be evac uated or an in ter ven tion can take place, the sit u a tion can be com pletely dif fer ent from the steady-state sit u a tion (with the de sign fire). More over, con vec tive and ra di a tive heat trans fer from the smoke layer to wards the struc ture is typ i cally ne glected.
Large dif fer ences have been ob served be tween the two zone mod els, OZONE and CFAST. With OZONE, lower tem per a tures and a slow evo lu tion to wards steady--state are ob served, due to a rel a tively high con vec tion co ef fi cient (due to which the smoke trans fers much heat to wards the struc ture). The in ter face height, on the other hand, is lower than with CFAST, due to a lower loss co ef fi cient. With re spect hereto, OZONE can thus be con sid ered as more con ser va tive than CFAST. We re call that the en train ment model is im por tant in zone mod els and that McCaffrey's model, ac count ing for dif ferences in en train ment in the flame re gion and the plume re gion, seems ap pro pri ate un der many cir cum stances.
Some pos si bil i ties of CFD sim u la tions have been il lus trated by means of FDS re sults. The im por tance of a grid re fine ment study has been high lighted. Un steadi ness can be seen in CFD re sults. More over, the ef fect of dif fer ent con fig u ra tions on lo cal temper a ture or vis i bil ity can readily be ex am ined. Also, the evo lu tion dur ing early stages of a fire, which are rel e vant with re spect to evac u a tion or pos si ble in ter ven tion, can be stud ied with CFD. It is clear that much more in for ma tion can be gained from CFD sim u la tions than with the man ual meth ods or the zone mod els, but, of course, the price to pay is that CFD cal cu la tions are much more time con sum ing and re quire more skills from the use for cor rect ap pli ca tion. 
Nomenclature
